1983, 1984b, c). In general, the rare Klamath region endemics are characterized by reduced flavonoid profiles and/or more methylated aglycones, but the wider ranging species have fewer methylated aglycones and more glycosides (Wolfand Denford, 1 984c). Additionally, most of the taxa exhibit considerable interpopulational variability, with the number of compounds per population ranging from 2 to 14. This distribution pattern is probably the result of a combination of factors including founder effect, genetic drift, and a general reduction of flavonoid profile as a result of reproductive isolation in both the rare taxa and apomicts (Wolf and Denford, 1983, 1984c) .
Multivariate statistical analysis increasingly has become routine in systematic investigations. This is not surprising since the large number of computer programs available and their ease of use have made the handling of previously unwieldly data sets relatively simple. Numerical techniques are particularly valuable for analyzing variability, both at populational and taxonomic levels, as well as delimiting distinguishing characters and displaying relationships. However, the application of numerical techniques in chemosystematic investigations of flavonoids is a relatively recent phenomenon, and as Bohm Clustering methods tend to faithfully represent the similarity matrix at lower levels of clustering, but distort the matrix at higher clustering levels (Sneath and Sokal, 1973 ). To better represent phenetic relationships at higher levels, ordination techniques are considered more appropriate (Sneath and Sokal, 1973) . Phenetic relationships among the taxa, therefore, were explored with principal component analysis (PCA) of the covariance matrix of the data. Results of such an analysis are identical to a principal coordinate analysis of presenceabsence data (Gower, 1966; Neff and Marcus, 1980) . However, an additional benefit accrues from a PCA in being able to interpret the principal axes in terms of character combinations, a feature absent in principle coordinate analysis. Although a PCA indicates which characters explain the majority of the overall variation among OTU's, it does not separate between taxa vs. within taxa variation since no a priori grouping of OTU's is done. To find those characters which maximally separate taxa, discriminant analysis is appropriate on pre-chosen groups of OTU's (i.e., taxa). Because of various assumptions about the data, The overall pattern seen in the phenogram is also exhibited by the PCA (Fig. 2) which accounts for an additional 11.9% of the total variation. In the BDA (Fig. 3) , A. viscosa separates from the remaining taxa along the first axis on the basis of compounds 6, 8, 11, 22 and 23 (Table  2) , all of which are unique to this taxon. The remaining taxa spread out along axis 2, and to a lesser extent on axis 3 (not shown).
Both the PCA (Fig. 4 ) and the phenogram (not shown) for the analysis ofA. cordifolia and its presumed Klamath region derivatives indicate a lack of distinct clusters, indicating a shared overall variational pattern and a lack of unique flavonoid profiles for any one taxon. Further evidence for this pattern is shown in the results of the BDA (Fig. 5) where all the taxa are essentially distinct from one another. Factor loadings (Table 3) indicate that only compound 13 (present in A. cordifolia and A. discoidea) can clearly discriminate along an axis, while the remaining characters have loadings on two or more axes. Analysis ofA. latifolia, A. cordifolia and their hybrid derivative indicates a unique pattern in A. gracilis. In the PCA (Fig. 6) Fig. 1, Fig. 7 shows A. gracilis distinct from the parental species.
In the BDA of A. cordifolia, A. latifolia, and A. gracilis (ordination not shown), compounds of the PCA are seen as a subset of compounds which separate the three taxa (Table 4) . As in the PCA, the three taxa are spread along the first axis with A. gracilis more displaced than the others. Seven compounds have loadings greater than 75% on the first axis (Table 4) , 1 984a, c) . It is therefore not surprising that this species forms several clusters with more than one species (Fig. 1) , its range of variation encompasses most of the species in the subgenus (Fig. 2) , and it takes a central position in the discriminant analysis (Fig. 3) . It previously has been suggested that A. cordifolia gave rise to A. discoidea Benth. via diploid populations in the Klamath region (Wolf and Denford, 1984c ). Not only is this hypothesis supported by morphological and cytological evidence, but also by chemical evidence. Three relictual Klamath region diploid populations of A. discoidea (D12, D13 and D14), largely an apomictic polyploid complex, cluster with six northwestern populations of A. cordifolia (Fig. 1) , mostly on the basis of compounds 13 and 14. Additionally, several other populations of these two species form distinct clusters in the phenogram.
Further evolutionary diversification from A. discoidea has taken place in the Klamath region giving rise to two rare Klamath endemics, A. spathulata Greene and A. venosa H. M. Hall (Wolf and Denford, 1984a, c). All four populations of A. venosa cluster with A. discoidea and most of the populations of A. spathulata cluster with the latter (Fig. 1) . The three taxa also are in close proximity in the BDA of the subgenus (Fig. 3) and of the Klamath region taxa (Fig. 5) . Since A. cordifolia is ancestral to all three species, it is not surprising that it clusters with additional populations of each in Fig.  1 and the range of variation in A. cordifolia encompasses all these Klamath derivatives in the PCA (Fig. 4) .
Based on morphological, cytological, geographical, and flavonoid analyses, it previously has been suggested that A. nevadensis A. Gray has been derived from A. cordifolia (Maguire, 1943; Wolf and Denford, 1984a, c) . However, the previous flavonoid data, based on only two population samples, was inconclusive (Wolf and Denford, 1984c) . Further populational sampling has confirmed the close phenetic relationship between these two species. All ten populations of A. nevadensis form a very cohesive group and cluster with populations of A. cordifolia (Fig. 1) .
Previous studies have demonstrated that A. gracilis is a hybrid between A. cordifolia and A. latifolia (Wolf and Denford, 1984b) . However, it is morphologically, ecologically, and reproductively distinct and has been recognized at the specific level (Wolf and Denford, 1984b) . Results of the present investigation also demonstrate that this species is chemically distinct as well. In both phenograms (Fig. 1,  Fig. 7 ) all populations ofA. gracilis form a very cohesive group. Additionally, in both PCA's (Fig. 2, Fig. 6 ) as well as the BDA (not shown), A. gracilis is quite distinct from both its presumed parents. These results support the pre-vious recognition of A. gracilis at the specific level (Wolf and Denford, 1984b) .
Arnica viscosa A. Gray is the rarest and most morphologically distinctive species in Arnica, and probably the most recently evolved species in subgenus Austromontana (Wolf and Denford, 1984a, c). It is known from only a few populations on very recent volcanic substrates, at high elevations, largely in the Klamath region. In addition to its unique morphology, this species also has a very distinctive flavonoid profile as evidenced by the cluster analysis (Fig. 1), PCA (Fig. 2, third axis not shown) , and BDA ofthe subgenus (Fig 3) Even though the species of Arnica subgenus Austromontana exhibit considerable populational variation with respect to flavonoid profiles, most of this variation is systematically significant and confirms previous hypotheses concerning relationships within the subgenus. Arnica cordifolia, which clusters with several of the species at various levels, appears to be the ancestral species of the subgenus as previously hypothesized (Wolf and Denford, 1 984a). The results also support the hypothesis that this species probably has given rise to A. nevadensis, A. discoidea (in the Klamath region), and A. gracilis (via hybridization with A. latifolia). Arnica discoidea in turn probably has given rise to the two Klamath region endemics A. spathulata and A. venosa. The present study also refutes Straley's hypothesis that A. venosa and A. viscosa are closely related. In addition to morphological differences, the latter's flavonoid profile is the most distinctive within the subgenus. The remaining, nonsystematically significant variation in flavonoid profiles and resulting clusters are likely the result of a combination of factors, including founder effect, genetic drift, and a general reduction of flavonoid profile as a result of reproductive isolation in both the rare taxa and apomicts.
